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Abstract: To explore flow and sediment characteristics under extreme rainfall conditions before and after erosion and torrent 
control works in the Yanhe River basin, we used statistical methods to analyze flow and sediment characteristics under 
extreme rainfall conditions in July 1977 and 2013, including daily rainfall and precipitation at different times at 30 weather 
stations, flow and sediment discharge at two hydrologic stations, and grain composition at the Ganguyi station. The results 
showed that extreme rainfall in July 1977 had the characteristics of high average rainfall intensity and peak rainfall, and 
uneven spatial distribution of rainfall intensity. Extreme rainfall in July 2013 had the characteristics of high total 
precipitation and hourly rainfall intensity, high rainstorm frequency and relatively uniform spatial distribution of rainfall 
intensity. Precipitation in July 2013 was approximately twice as high as precipitation in July 1977; however, flood peak 
flow, total runoff and sediment concentration in July 2013 were significantly decreased compared with July 1977, and there 
was a significant decrease in sediment discharge corresponding to the decrease in runoff. Flooding in July 1977 was 


characterized by a steep rise and fall of water and a short flood duration; in contrast, flooding in July 2013 was 
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characterized by a slow rise and fall of water and a significantly longer flood duration. Compared with 1977, there was a 
decrease in the total flood runoff in July 2013, and the proportions of runoff before and after the peak decreased and 
increased, respectively. Compared with 1977, sand grain size was clearly smaller in 2013; Furthermore, the weight of 
sediment with smaller size had increased , whereas the weight of sediment with larger size had decreased. This study reveals 
that a series of high-level erosion and torrent control works, such as returning farmland to forest (grass) engineering, has 
changed the underlying surface conditions in the Yanhe River basin since the 1990s, which contributed to changes in 
rainfall and sediment characteristics under extreme rainfall conditions between July 1977 and 2013. The findings of this 
study provide a reliable theoretical basis for measures to control flooding caused by extreme rainstorms and for prevention of 


water loss and soil erosion. 


Key Words: extreme rainfall; flow and sediment characteristics; soil and water conservation; Yanhe River basin 


VE K Xd ae na] Tu] ji ZK Vb e AE B] ERAR, BR e Js TRI D BY 6 To RU Je Vb 35 ORE TJ UC IR 2S RIS i 
RCM, gr E ERKEL Sak ERES BILE IETER B TK 4E AY MEK Bt BK WKAR 
HALER, BAREA Cai sp SRI TRE. 28JET ] EXC 1952—2000 EREK 46 i Rip 43r e BH ZK E 
Ti Fe EY TIR TK PE. em ät APA Y SETTE EX 1956—2010 4EZK kent ed 38 UH 
ir 50 FRKE Gabi FLUR UP tec tp ae PT) ERARA , BUA I oe PRP rg KE UE TR] er X Ak VP Rr IE 28 
AGI EE, RMSE! 4E Bee The ay D 28 JET ] Pad E 30 4E CUM JE VP BY T8 Ha To Ve VP 76 83 T 2 6 
BA, LB IE CUBE LPR PFT Des met OI m E Ak ASTE P ZK VETERE 2E (ET OL EY EE HT El 
=, Alt RMR +A, WEY TE 1977 4E 7 HA 2013 4E. 7 H RETAKE ig SEK SET vi 
Ut LE BAK PTE Pe HIE SERA AS XB SEE Rp WE 19] 1 Jk P8 V Borm BEEK STEE A RE Gu 
AB JRH 2 K AK PR RE OF ES E Dën Ji PIE Dr e Js H8 GC Or tg BAB AS | ACE FO AMT TAK Le Fe He HE nr 
SEMPLE CE 


1 PRR 


SE YH AWE D Ce SL, ARE ERK, PER Uk EA ey] SE 287km, EA TAT 
fH 7321km" , HATA 2096 , BAP EIS TLE 2.93 1Z m? SE LEB 3.2696 , MIRE 860m, ZEA 
Limit ml 45mm, FXS F 30—45mm Za], HA REEL BP YR 30mm, MEE 
AUT EUR. EMKA BPBCIR , ERA EHR Ae L8 )1] il" WII DIEA ee E 
ERIR, He MPRA SIAR REVUE (AL 1). "ou Ië EAR , AOE VET on EE AN 0900 HE 
FPH , SBA RSE , BOE VP BIA 3124 J to M 1990 ERF, BE CUR es KOE A Ak ER 
ELA BGR BEA RE Tomé , Gee T fo d IURI HH rd OSERETRI ia kK APE T E A US 


2 318317] 3 


24. Xs 
am tet it D ao A E TRI éd 30 Be 1977 EA 2013 E 7 HO H EAE RI] t LESE Bid C DE md SEN (AL, 
A Vit ATU SECOS HIE EL EE 2 Pk X098 1977 EF 2013 4E 7 HDD CER SCR, VEU 
SCHEI HE Tey it 1977 ^E 2013 FHAA I CSI A (HL, ESE OR DE AKA B ed AK A 
AR DUK CGR EE) o 
2.2 D 
KARRAR ATi UOS HE Te AM 1977 EA 2013 4E 7 HEK Ae tat PD EAR I. 1977 EAI 2013 4E 
VE Vb BURLER Bo EAST IEA CTT IE OT REE A EA, AR Kring 25 [a] RIERA Ze: tl Se A SE EG 1977 
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ERI 2013 Æ 7 H AKE et A A SB R BEEK) at 

zs lala) Aa ERE 77s HS HA Eg Se br 50 100mm 

TE 2S ZEB ACE FR EE REL, EEE 1977 EA 2013 4E 7 H : 
A BN AACR M E E DA AU TUE TT um E e Le Rd t = 
RIE WIRI PRLS HZ Hl 1977 EA 2013 47 7 
H HE Kah eee HE ar el BZ, TT AK TE PE 
"id HEK BY RB AE EL, FET EL 23 Br RC [e LU 
Tg 1977 AEA 2013 EE PARA CE DUI AE EL, 22 hl VE 
UD RIE Sr ze HE ETT EG) DT o 


36°30' 


109°00’ 109?30' 110?00'E 
3 BRS 
Al Epi a 
3.1 Ke kent AN Hr Fig.1 Sites of Yanhe River basin 
3.1.1 WOR ae AE 058 E DI Ais TR] OD dr 88 tt 
TE Arr 


HE YoY ld 1977 FEM 2013 4E. 7A AE FAR LBS Don lk 1977 E7 id ei Be BA SE BE SEE SE 
Tey rede PE RAY BEA FA, DE Es Te S RERA BUE HEE 7 H RIEN 
t TE 290mm LA E. , E Tfj s RETE 35mm/d E , RI KE a FU [E RS 958 8E ELE 2. FR Ee 1] PG A A A D 
ERMA) IA, 2013 4E. 7 H £158 EE TI] SEE Hi rp SE Yl St Sk PPR SP = ir, DIR 
5m BER A [8] 43-48 D RREK ee BY AA ACA E , EE TRI ER HE EEE 30mm/4d AA , EA Tic dev sa 7 HO 
FATT Bee RR Te EL Ae RC: , MERTE 510—660mm [RI , 3538) res F 1977 ^F [6] 89] B [EE d. 2: D ^F [8] 8] I] 3.8—5.5 
fé , RYE ECKE IHR TE. PUE H HEEL A ee 20$, EI 600mm AE, TT ER E I) [ELA P8 HO 
SI AR BS 5 AA 

EPER 1977 AE 7 H f EK zs [DR] ADT CAI], FE TIE 058 E B ELA E DIEI OC E A] f HRS ER al 
BY FC B3 Rei — RHA 10—42mm/4d E MET rot B9 18 ee Bi — 2 8] P UE JM CH SERRE 
Z H 42—10mm/d BERE , 3 pa — 7 HO EIN ëmm d. 2013 Æ 7 H £3 MEK zx [8] 4-8 TEDSE T5 , RTT Ee 
(EL "P. EXE TT Rea Ai 236 8] PUE EA ML CN Zu RARER 500—600 mm [HI , Peay x ra 
KEJK om HEB ECK AEE TE 20—30mm/d( Al 2). 
3.1.2. Tovg EDK AUC ETE XS EG rr 

1977 ^E 7 HE 30 Siia FUB THUS REI Jee = ED iii CH SEES 7 SAC 
SH MAA 2 TE H AA EB 76.596 , HA LA TR H 298 EEERRE dn 
H ml 50%—60% , 2013 F 7 H f Tu tit ek 30 MARA 2 RI H 2E RI AC AE IUS XU T 1977 ^P. 7 H, 
HMH Ip SRS 3 P 98 UB — TE HL 29 H FER et 20% ACA, dem SZ miU EE 
SAY "all eet JAS 8 Ar xh 8 WI AE H , A PETI SR LE BAA 30% —40% HR 19 A x 354 3— 
6 AWH , A AERE SEHE EAA 5096—7096., 1977 4E. 7 H T3 KR VIS AE RE FR Fh xt Uo (ELATI SC SH FS 
EPH RT 2013 4E 7 HD ,1977 ^E 7 Hi aA ET BE AE Dit m dni ac Jens 
187 A- x6 EAE 1 AAS SERN, cH RR t AY EE ZS 5596 , Fk] tec UE (ELIO 35] [8 23-9] 7J. 168.1 I 136.7; 
2013 Æ 7 A OM ASA. = Ae FS 3 AE 1H SECHS e EAE RS Foi H: pl 2^] 20% nm toe [HE 
TIS (R4) BIN 109.7 All 106 (38 1). 
3.1.3. WP ECC IE RS ERE LE A Hr 

2013 Æ 7 H WEW Jk ee AN EE ESO eK om BEE ES IR EST 1977 ^E 7 HW, © 1977 4E 7 Hf 2.7— 
3.2 Fio H.E» 2013 4E 7 Hank EK om BE WES 1977 ^F.7 Hü, DU 1977 ^E.7 H fi 1.2— 
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1.74%, HAS EX 2013 Æ 7 H £3 4& I Be A Ez kv Be a F 1977 47 Hf, Æ 1977 ^E 7 H 3 A 
(T 2) 


ENER Be — WESER 
19774E.7 H f AW FE T S /mm SN NND 197747 H DES WOR BE / (mm / d) 
297 wu To 
27 | i . 5 


37°00'N 


36°30’ 


— MER He = — Ii 98 HA 
20134E7 H ft VER rj t /mm 20134F 7H DES WOR RE /(mm/d) 


i 705 : 36 
247 9 


37°00'N 


36°30’ 


109?00' 109?30' 110?00'E 109°00' 109°30' 110°00'E 


2 Ej 1977 EH 2013 ££ 7 A Rit kB AEP Ke s [8] 2) fn 
Fig.2 The distribution of accumulative precipitation and daily rainfall intensity on July 1977 and 2013 


A1 Saint 


Table 1 Frequency characteristic of the rainstorm 


SEH Rainstorm( SS 50mm/d) 2 EH Downpour( Z 100mm/d) 
E/H ASS. 
T. E s y : k E kj E e kk AH 
aus REHA At RR zung EET POMME TT LR 
DN [4] Time : Storm 1 Downpour j The average 
Occurring Number E: Occurring Number Sida Rainfall uo 
FE M ies precipitation/ Davs/d ae precipitation/ SE precipitaton/ 
y Month total : Month total P mm 
precipitation/ 96 precipitation/ 96 
1977 4E 7 H 0 7 0 23 168.1 136.7 
July, 1977 1 22 50—60 1 J 55 
2 1 76.5 2 0 
23 0 3 0 
2013 ^F. 7 A 0 0 0 27 109.7 106 
July, 1977 1 3 20 1 3 20 
2 8 30—40 2 
>3(3—6) 19 50—70 3 


2013 4 7 H f f Twp MRA Bact KEKERE FPE IR] FE a F 1977 Æ 7 H, 1977 Æ 7 H £383 1.2— 
1.4 fi, 1977 F7 H 4 ERERZK A4 PAY EFF KE KKA IR Hei dH E ERS J BOS A 75 PSO A 
Jh ea ESD ET Bc Be Kk Be ZK um BE es T 2013 "Hot EREA es ES] E o FK v HE SR ICT: 2013 ^E 7 Ho, HR 
re ACE DI STES FS SH AREE Lm Eil CN oi SE ES 10 7S 35 BY SE BEIC EE ZK v 
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REA FE 2013 Œ 7 HRKI 50% (3€ 3) , 
A2 GER HU PER ARTSISPEPBEREZKE 
Table2 Precipitation in different time intervals on July in Yanhe River basin 
i 3 BK 0.5h [Ak BOK 1h FK BK 1.5h [AK BOK 2h Beek BOK 3h FK BOK 4h FK 
Time Site Maximum 30-minute Maximum 1-hour Maximum 1.5-hour Maximum 2-hour Maximum 3-hour Maximum 4-hour 
rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm ` rainfall depth/mm 
1977 £7 H dt 10.7 15.8 20.8 23.2 27 29.1 
July, 1977 bd 9.3 13.2 16.6 21.1 26.2 28.4 
HAE 17.5 21.7 30.5 35.5 37 37.9 
EH 12.5 16.9 22.6 26.6 30.1 31.8 
2013 44.7 H HEE 13.6 23 31.4 39.6 43.8 47.4 
July ,2013 HA 58.2 71 73.6 77.6 82.6 83.4 
2 HI /mm 40.6 53.9 65.2 74.5 82.2 86 
A3 GEIGER AMSMARANREKS 
Table 3 Precipitation in different time intervals on July in Yanhe River basin 
1977 ^E. 7 H July, 1977 2013 4F. 7 H July, 1977 
Dh BOK 6h ERR tt BOK 12h ENE BK 24h MER E BOK 6h ENE BK 12h FER Te SL 24h Em Ti 
Sites Maximum 6-hour Maximum 12-hour Maximum 24-hour Maximum 6-hour Maximum 12-hour Maximum 24-hour 
rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm 
SS UE 64 72:5 88.4 76.4 79.8 81.4 
kT EF 80.5 94.5 115.9 68.8 71.6 71.6 
TRACY 36.5 83.9 83.9 86 94.6 94.6 
RE 78.4 107.1 144 75 78.6 87 
AUR 84.3 90 102.5 37.2 53.6 64.2 
DS 68 74.9 103.3 37.5 51.7 59.4 
roe 49.9 59.6 80.7 103.6 109.7 109.7 
BS 79.4 125.7 168.1 62.2 85.2 110.8 
THE 65.8 125.5 165.9 65.3 68.2 70.5 
itin YS 37 51.3 84.1 67.2 87.6 105.8 
BBS 64.2 105.9 131.9 57.4 70.8 102 
fe 75 8 95.8 119.4 149.1 61 84 96.5 
Fs pz 53 53 53 59.6 71.4 71.4 
FJI] 29.1 34.1 50 42.3 53.3 75.8 
=t 14.6 35 47.7 95.2 95.5 109.5 
JESE 36 46.2 49.4 68.8 90.6 94.4 
TH 29.9 47.5 48.3 60.4 62.9 70.1 
JAE 47.5 47.5 52.3 91.8 129 129.2 
AKS 59.4 59.4 71.1 42.1 56.8 88.3 
WEE 37.5 62.5 71 38 58 86 
SEJ 45.2 88 111.1 88.4 92.2 93 
T 34 35 62.4 66.2 88.8 106.4 
HEE 31.2 33.7 63 53.4 73.8 92 
A pd 32.2 35.9 63.2 55.2 67.6 95.6 
HA 38.7 41.4 55.4 85.4 94 142.4 
mig 37.2 43.4 76.2 75 95.6 108.4 
Ell 34.1 44.5 44.8 85.6 110.0 110.4 
AN 31.6 38.9 42.9 87.6 126.4 129.6 
SEI 34.4 58.5 58.5 92.2 139.2 139.6 
S/H ST 35 67.8 72.1 108.2 115.6 121.8 
HN PEN 48.8 66.1 83.7 69.8 85.2 97.2 
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3.20. HOKAMIEXT EAT 
3.2.4. HE TL EX EGAT T 

TR RH ARES 1955—1980 FRAME io" ,1933 EHk Yi hi p t VERE, VETT SCA Vit e RIT 
IFA: HKR EEA 1250m?/s,200 4E—38 AY c A Vit E Dr 9200m?/s,1977 4E 7 H 6 H HAS ES SE eA 
EEN 9050m^/s , ext xd f 1917 FEA 1933 4E 8 H 7 H Dir KC Ak B EIE E 6300m^/s , i 1977 FEM] 
KKH 200 4E—38'* , 1977 47 H 5 H8 6 H IBZKCK SIC BIUA WT EE Hor 7 H 5 HRE emm 
Jh 15 CES 08. Hrsg EW ok Te LES LT 1000m^/s , t pd EIE TCR Did] , 1 320 m/s, 7 
H 6 A wih i 931 CIE CHASSE ETE ME vl HR GRECO Eeer y Sa Ty IA 9050m /s BI 7200m^/s, 
di inf IE blot iat eg te dr XE T Zn S] SC KK BOE LE, 2013 4F 7 H 12 Heu H 
EEK Zen Jc A uy | NIE (A ARSE SEE PEU 12 EL HER T BER DAE L4) GI 604m? /s Al 516m^/s , e KF 
A Wl ea D] SEE I HE wid E , ER p a EIAS h MERHER 4) 


#4 1977 EF 2013 £7 H BK HERE SARAH LR 
Table 4 Flood peak flow of July 1977 and 2013 compared with historical flood 


1977 4E itl Ti tk 2013 FE i SE pi sae Ko psi 
end Flood peak of July , 1977/ ( m?/s) Flood peak of July ,2013/ ( m^/s) Peak flow of historical records / ( m?/s) 
7H5H 7H6H T.H 128 7 HA3 H DEI TL TEE Din 
July 5 July 6 July 12 July 13 Peak flow( m?/s) Time 
HAE 1060( 14:18) 9050(8:18) 604( 15:00) 6300 1917 
6300 1933.8.7 
frin 3060( 3:30) 3100 1862 
2050 1940 
FE 2710( EE 2190 1908 
HE pd 320( 18:00) 1510(4;30) 2330 1933.8.7 
jE 1340( 11:09) 7200(5:24) 516(10:54) 


Ehl HET EUS OE HIERT OSA 10 


3.2.2 PEAK TRY RRIE OH: Ar är 

JE 2013 ^E. 7 A RAK eK 1977 4E.7 HEET 2013 4E. 7 H f xh A LE EA > E ERIE 
{ELK 1977 4E 7 H fb zl], e v HEU RE dt 2 Je /] 66% —90% , HEME PP ti ORE p T 0.796, HER HA 
FEMS T 55%—80% 6 HK 3h ith LE 1977 4E. 7 Adi) Y 5596—9696 , EWE 3h ah Z8 AN E 1977 4E 
7 AW 10%, nj WHEEL 2013 4E 7 H ,1977 Æ 7 Hikz KK CRETE AU EEEk AY Bl Dik fe BE ACT RA 
"Ek , BEA THE Ie PEE wee vt (ELI LC reet DERE E DP ig 3h tutu E 3h f vb st FY B S5 fe BE 3A YT D 7) 
(de 
3.2.35 peak WHEAT Ea Hr 

1977 ^E.7 H fh RK RÀ BESKBETA EAT I RE , 2013 Æ 7 H f Ek Re A BRB WA 
HER AINE ARE, 5 1977 4E 7 H4HEE,2013 4E 7 H dh x YEE ik A SURE PE ERE T fb ERE 
4e. HK BIS SER f 2683min , PEACE int EY f 3388 77 m, n] All 2013 4E 7 A tK ay A ent 
Ek: 55 1977 ^E 7 H4HEE,2013 4E 7 H BEZKBESE ANE Ire Ak ON D BST ES] E] ERE Tt E 
ILIA Js fee Tft Bt rh TK ee Dit ERAI Il T SH CIE BEDEDIBT HDEZK GS DJENE BS H: PE Ai. T 5.496, 
IB 3E SE Ek DIESE BS Ebo EK T 5.4%, ERT LER er TK e pt B LL a) T 1.196 , V Js de te ig 
UK see B LE A VHS A E. 1.190, iK vbt 5 EK F6 Tit ER UK SUE IE TH KAA , B 2E EK Om E 
Ji] ,2013 4 7 H tK E d | E 3—HA 6, K 6) , 
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Table 5 Flow and sediment characteristics of July 1977 and 2013 
DEEST VP E Ei IN E wb, Es 
ore dne Mk ` ROG vh Ht 
HE ae BY HT [8] Kn Si SE : Maximum 3-hour Maximum 3-hour 
é ý EE Peak flow/ concentration . : 
Sites Rain date Precipitation/mm S flood volume/ sediment discharge/ 
(mie? of flood peak / qn 8 
3 10°m 10°t 
(kg/m? ) 
ZE 1977/7/4— 1977/7/5 68.2 7200 662 5256 0.37 
2013/7/11—2013/7/12 126.6 516 128 482 0.006 
ARAL, +85.6 -92.8 -81 -90.8 -98.4 
HA 1977/1/4—1911/1/5 57.7 9050 752 7344 0:56 
2013/7/11—2013/7/12 155.8 926 334 3290 0.03 
ARAL, +170 -90 -55.6 -55:2 -94.6 
A pd 1977/1/4—1911/1/5 69.8 1510 560 864 0.49 
2013/7/11—2013/7/12 131.4 513 564 32.4 0.019 
ARG +88 -66 +0.7 -96 -96 


197747 H a 5& 


Flood flow of July,1977/(m?/s) 


19774£7 H Beak dir E 


Flood sediment discharge of July,1977/t 


19774£71 H mE 


Flood flow of Tuly,1977/ (m/s) 


—4— 19774£7H5H 26H 
—e— 20134E£7H I1 H 12H 


É]3 Aus 1977 5502013 ££ 7 H IKE E 
Fig.3 Flood process happened on July in 1977 and 2013 of Yan'an station 


—4— 19774£7H 5H 86H 
—e—20134£7H 11H 12H 


RA HH 1977 A 2013 ££ 7 Akik 
Fig.4 Flood process happened on July in 1977 and 2013 of Ganguyi station 


—4— 1977477 5H 86H 
—e—20134£7H 11 H 12H 


200 


ke = 
CH, oo 
CO CH 


= = 
t2 ES 
CO CH 


20134F-7 H Beak Arb té 
Flood sediment discharge of July, 2013/t 


— 
© 
i) 


E5 ERRi 1977 A 2013 7 Aki ET £x 
Fig.5 Flood sediment process happened on July in 1977 and 2013 of Yan'an station 
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20134£7 jE 
Flood flow of July, 2013/(m°/s) 


E. 
LE 


20134£7 Hi 


Flood flow of July, 2013/(m?/s) 
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—a— 1977^E7H 5H 26H 
—€9—20134E7H I1 H S12H 


[ex 
© 
© 
© 


A 
CH 
© 
© 


N 
© 
S 
© 


EA oe 

Flood sediment discharge of July,1977/t 
20134675 Beak vb ti 

Flood sediment discharge of July, 2013/t 


Ao H8 1977 EM 2013 F7 AMHKMM TER 
Fig.6 Flood sediment process happened on July in 1977 and 2013 of Ganguyi station 


#6 EM Ri 1977 F5 2013 £p BEZKSETE SE 4E 4 ro 
Table 6 Flood process changes on July in 1977 and 2013 of Yanhe River basin 


DIE) Time Dh FA Sites T/min t,/T/% t5/ T/ 96 Q/ ( 10*m? ) q,/0/% q»/ Q/ 96 
1977 £7 H MEE 998 12.2 87.8 7272 29.7 70.3 
July ,1977 HAH 942 25.5 74.5 11880 32.1 67.3 
A pd 540 27.8 pode 1123 29.7 70.3 
EY Average 827 21.8 78.2 6758 30.7 69.3 
2013 ^E. 7 H fu 2670 17.1 82.9 2297 29.2 70.8 
July ,2013 HAE 3960 19.7 80.3 3290 28.8 81.2 
ES 3900 12.3 87.7 4522 30.8 69.2 
IY Average 3510 16.4 83.6 3370 29.6 73.4 


TIKI The flood total duration/min sti : PEJ HT Flood rising duration/ min, t, BERN Flood falling duration/min;Q: Hk 42 bb The 


total runoff/10* m? ,q, : 14 R144 it Runoff before the peak/10*m? , q Elo £D. Œ Runoff after the peak/10* m? 


3.4 HEV RPE H: Arr 

2013 FAEM e d Je Vb 1977 FAH EAE ZH AY 1977 FATF 0.01 mm DI JE Vb RC Se [X ih SR än 
15% , mi 2013 “PALEY F 0.01 mm RJ JE Vb gf he SER EG] BE 4096, 1977 ^EAETEK-T. 0. 1mm B JE Vb E 
tg EA CERT] 14% , mi 2013 AES 01mm WVU EE Ae EARE 1096 ^ (E 7) 


4 We wis D Logs 
goo 80 —e— 1977 

HE TRE Dr 2013. 4E. TAKKA E LES] EE IAE RII Ht, Sr Sé " 
Missy 1977 4E TH, Hm 1977 4E 7 A SES, 
4 AH 2013 ET A ARR ERKO, Hm RES 
m AE WEE 1977467 H ER SEG 
HISA 1990 FARRER TO ei HE 0.001 0.01 0.1 ] 
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Table 7 Cumulative area and ratios of soil and water conservation in Yanhe River basin measures 


peni TET rm Fan BR ` ag 

ZE Terrace Check dam Afforestation Grass planting Total Fi 

Year Kä Kä Kä Kä area/ p 

Area/km? ii Area/km? d Area/km? K Area/km? ii km? Pe Nuage 3 

1959 4.13 8 4.62 9 41.33 82 0.33 1 50.41 0.9 
1969 47.20 21 15.83 7 161.27 71 3-73 2 228.03 3.9 
1979 97.53 23 28.73 H 286.93 67 17.47 4 430.66 4.3 
1989 174.33 15 37.80 3 840.73 70 145.20 12 1198.06 20.3 
1996 275.60 16 41.67 2 1100.20 66 259.87 15 1677.34 28.5 
2000 219.60 14 38.10 3 1637.50 67 180.40 16 2577.40 35.3 
2005 285.50 9 49.50 5 2128.80 68 234.50 18 3350.60 45.8 
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Fig.8 The trends between runoff, sediment and vegetation coverage 


http://www. ecologica.cn 


6 Hj Mick — EDO EZK ARTE P ETAT RIER EG) Br S Hmm DS] 2 1929 


5 Sëtz 


1) RETA FER 30 rr XB CRETA o 2013 4E 7 H4 EE RIS Eu A ey T E EE t Km 
rH DX Bee BN s RE D 1977 4E. 7 H EHM , 2E TREES LIST EE EE RII i SP AE (KF 1977 4E 7 H 

2) METAL ji 3 A 2 K OO OK BRL SEL ae UR. bo ,1977 Æ 7 Hio itg o te e e E (AAA A T iO LR 
EEKE , A 200 4E—318 , EK ERR XR DREES , 2013 ^E. 7 H HOK UEM TUS EK Bee die HE I 
WEERA 1977 4E 7 H EED  EZK f vo tk B £6 v eS we 7) wk EY ge 1977 47 GE 
T EH Hh Ek EY méin. "Ek ZR UA DEDERE TA - 

3) AEP jb, 1977 EF 2013 AE A ARE ah Je Vb RUE ECC OE Kl HT GSR os ,2013 E^] re JE VP FB ee LH 
EEH EL AS , TE A T 208 

4) DIE ZEHA 1990 FARAR ERR (Bier e HUE gtt HEL BK E TIE EX 1977 ^F. 2013 4F. H 
Ti oo AR TF P EK VP REED 5r BS 3: EAT o 
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